Abstract -Inorganic f i l m s obtained on t h e polymer support during plasma--chemical s y n t h e s i s have i n v e s t i g a t e d by XPS, IR-reflectance spectroscopy and SEM. The l a y e r s of S i N ALN, SiO were obtained of plasma chimical p r e 3 4' 2 c i p i t a t i o n on t h e s u r f a c e of polyimide f i l m s . The r e s u l t s of XPS i n v e s t i g at i o n s showed t h a t t h e polymer support t a k e s an a c t i v e p a r t i n t h e formation of t h e inorganic film. The d a t a of e l e c t r o n microscopy i n t h e i n i t i a l s t a g e s of f i l m growth i n d i c a t e t h a t i n t h e f i r s t s t a g e n u c l e i a r e formed. They a r e uniformly d
INTRODUCTION A t present t h e plasma-chemical treatment of v a r i o u s m a t e r i a l s i n c l u d i n g polymers i s one of t h e most r a p i d l y developing t r e n d s i n m a t e r i a l science. The plasma-chemical p r e c i p i t a t i o n of various inorganic Layers ( S i N

ALN,
, 3 4' e t c . ) on n e u t r a l supports (semiconductors and m e t a l s ) has long ago become one of t h e most important technological operations i n t h e micro e l e c t r o n i c production /1,2/. The p r o p e r t i e s of t h e s e l a y e r s have been s
t u d i e d by d i f f er e n t methods and t h e main e f f o r t s of t h e r e s e a r c h e r s i s d i r e c t e d t o t h e establishment of t h e c o r r e l a t i o n between t h e conditions of p r e c i p i t a t i o n and s y n t h e s i s and t h e c h a r a c t e r i s t i c s of t h e l a y e r s .
The treatment of t h e polymers i n plasma f o r imparting new p r o p e r t i e s t o t h e s u r f a c e by depositing on i t quasi-polymer l a y e r s one a l s o known and w id e l y i n v e s t i g a t e d and used /3/. When t h e s y n t h e s i s of polymer l a y e r s i s c a r e r i e d out under t h e conditions of non-equilibrium low-temperature plasma, a
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1990541 plasma-forming gas, organic monomers and fragments of macromolecules a r e used. A s a r e s u l t of t h e s y n t h e s i s , a l a y e r i s formed t h e stoichiometry of which i s c l o s e t o t h a t of t h e polymer. I n s t r u c t u r e i t i s u s u a l l y a densely cro,ss-linked system. These l a y e r s may be deposited on any organic and inorganic s u b s t r a t e s . I n our opinion, t h e plasma-chemical treatment of organic and inorganic mat e r i a l s has many s i m i l a r f e a t u r s : v i r t u a l l y t h e same technological equipment and c e r t a i n s i m i l a r i t y between t h e chemical and p h y s i c a l processes o f l a y e r formation. However, t h e r e a r e d i f f e r e n c e s between t h e plasma-chemical synt h e s i s of quasi-polymer l a y e r s on t h e polymer s u r f a c e and t h e d e p o s i t i o n of inorganic l a y e r s on t h e s u r f a c e of t h e semiconductor. This Is mainly due t o t h e r o l e played by t h e s u b s t r a t e . Inorganic s u b s t r a t e i s n e u t r a l component, whereas a polymer s u b s t r a t e can probably t a k e p a r t i n t h e process.
Hence, i t i s i n t e r e s t i n g t o o b t a i n an inorganic l a y e r on t h e polymer sur- 
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( h i g h ~u r i t y ) were used a s i n i t i a l substances. N2 was introduced i n t o one of t h e r e a c t o r chambers i n which t h e low-temperature glow-discharge plasma w a s generated. The high frequency discharge plasma wa$excited i n accordence w i t h t h e i n d u c t i v e scheme a t a frequency of 1.76 M& and a g e n e r a t o r power of 2 KW. The n i t r o g e n plasma was d i r e c t e d i n t o t h e second r e a c t o r chamber i n t o which an argon-silane mixture was a l s o charged where t h e s u b s t r a t e w a s placed on a h e a t e r . The s i l i c o n n i t r i d e films were deposited on s u b s t r a t e heated t o 600 K a t t h e o v e r a l l p r e s s u r e of t h e r e a c t i o n mixture i n t h e react o r 50-60 Pa. Polyimide of t h e following chemical formula was used as t h e s u b s t r a t e :
(Kapt on-H) t h e f i l m t h i c k n e s s was 4 0~~. This polymer was chosen because i t i s a high--temperature d i e l e c t r i c s t a b l e t o i o n i z i n g r a d i a t i o n /4/. Polyimide w a s coa-
have been determined by using t h e C 1s peak (from i n s i t u contamination) a t 285 eV. The survey s p e c t r a at a binding energy of 0-1000 eV and s p e c t r a of single-photoelectron l i n e s C Is, N Is, 0 Is and S i 2p were taken. The recording of s p e c t r a and t h e mathematical processing were c a r r i e d out with DS--800 system. The p r e c i s i o n of t h e binding energy determination was 0.1 eV and t h a t of t h e q u a n t i t a t i v e a n a l y s i s was 70%. The IR-reflection s p e c t r a wer e recorded with a Perkin Elmer 580 B spectrophotometer. The topology of t h e l a y e r s was atudied w i t h a Hitachi-750 scanning e l e c t r o n microscope.
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RESULTS Survey s p e c t r a of t h e s i l i c o n n i t r i d e l a y e r s of d i f f e r e n t t h i c k n e s s e s on a Kapton-H polymer f i l m showed t h a t w i t h i n c r e a s i n g l a y e r thickness t h e i nt e n s i t y of S i 2p and N Is peaks i n c r e a s e s and t h a t of C Is peaks decreases.
The a n a l y s i s of t h e f i n e s t r u c t u r e shows t h a t t h e peaks a r e s u p e r p o s i t i o n s of s e v e r a l peaks. This may be r e l a t e d t o t h e f a c t t h a t d i f f e r e n t types of cov a l e n t bonds a r e present i n t h e l a y e r s obtained by t h i s method. Pig.2 and 3 show t h e f i n e s t r u c t u r e of t h e S i 2p peaks f o r l a y e r s of d i f f e r e n t thicknesses.
The mathematical processing of XPS high-resolution s p e c t r a made i t possib l e t o determine t h e binding energy and atomic concentration f o r each element. These v a l u e s a r e given i n Table 1. The t a b l e shows t h a t when t h e l a y e r t h i c k n e s s i n c r e a s e s , t h e atomic concentration of element changes and s h i f t s i n binding energy appear. These s h i f t s a r e u s u a l l y caused by t h e excess negat i v e charge generated by t h e surrounding sphere c o n s i s t i n g of t h e charges of neighbouring i o n s l o c a t e d a t d i f f e r e n t d i s t a n c e s from t h e c e n t r a l i o n /5/.
I n o u r c a s e t h i s s h i f t i n d i c a t e s t h a t t h e number of i o n s i n t h e c o o r d i n a t i o n sphere changes. The XPS s p e c t r a of a model compound, s i l i c o n o x y n i t r i d e (ICS, USSR), were a l s o analysed. The r e s u l t s a r e given i n Table 2 .
The a n a l y s i s of r e f l e c t i o n s p e c t r a obtained from t h e some s u r f a c e mode i t 
p o s s i b l e t o i d e n t i f y some c h a r a c t e r i s t i c bands. The presence of a n absorbanc e band w i t h a maximum of 840-850 cm"' i n d i c a t e s S-N s t r e t c h i n g v i b r a t i o n s
i n s i l i c o n n i t r i d e . The presence of hydrogen bonded i n t h e form of Si-H group i n films 1000 -t h i c k was observed at 2170 om". The 1020-1060 cm' ' bands may assigned t o Si-0-Si and Si-0-C chemical bonds. A wide band a t t h e range of 3600 om-l may be assigned t o t h e s t r e t c h i n g v i b r a t i o n of t h e f r e e Si-OH group. The a n a l y s i s of t h e r e s u l t s of i n v e s t i g a t i o n of f i l m s u r f a c e s 0 w i t h l a y e r s l e s s t h a n 100 A i n t h i c k n e s s i s some what d i f f i c u l t becanse char a c t e r i s t i c s polyimi.de bands a r e present i n t h e ranges of 800-900 cm", 1920 The i n i t i a l s t a g e s of f i l m growth and t h e topology of continuous l a y e r , i s n a t u r a l l y , of t h e g r a t e s t i n t e r e s t . Fig. 4 shows t h e micrografs of a s u r f a c e with a growing inorganio layer. Fig.4a shows a high concentration of n u c l e i of d i f f e r e n t types. Pig.48and C show-the f i n e s t r u c t u r e of a t y p i c a l nucleies. The n u c l e i a r e u s u a l l y of t h e d e n d r i t e type. It i s noteworthy t h a t t h e number of n u c l e i i s high and t h e i r s i z e s a r e cluite d i f f e r e n t . Pig.5 shows 0 t h e s u r f a c e of a s i l i c o n n i t r i d e l a y e r 1000 A-thick. It i s c l e a r t h a t a f t e r t h e n u c l e i coalesce, u s u a l r e g u l a r f i l m growth t a k e s place. Moreover, t h e comparison of Fig. 4c and 5 shows, t h a t t h e r e l i e f of t h i s l a y e r v e r t u a l l y doe s n o t d i f f e r from t h a t of t h e i n i t i a l polymer film. Pores and o t h e r s i m i l a r d e f f e c t s were not detected.
om"', etc. ~d w e v e r , i t i s p o s s i b l e t o s i n g l e out t h e c h a r a c t e r i s t i c bands of t h e bondes formed a f t e r treatment, such as C=O s t r e t c h i n g v i b r a t i o n s of 1655 cm"' i n t h e NH-C=O. The 1620 om-I band i s assigned t o bending v i b r a t i o n s of amide-11. This i s i n good agreement w i t h t h e XPS d a t a and i n d i c a t e t h a t t h e polymer s u b s t r a t e i s destroyed during t h e synthesis.
DISCUSSION
The comparison of t h e r e s u l t s given i n Table 1 and shown i n e l e c t r o n micrographs of t h e l a y e r s shows t h a t t h e s u r f a c e of sample 1 i s an i s l a n d s t r u ct u r e of t h e new phase on t h e s u r f a c e of t h e polyimide film. The s u r f a c e o f sample 2 i s a continuous l a y e r formed a s a r e s u l t of t h e plasma-chemical syn-0 t h e s i s . The depth of t h e XPS a n a l y s i s i s 50-70 A, hence, i n c a s e 1 both t h e new phase and t h e s u r f a c e of t h e polyimide f i l m a f t e r treatment i n plasma wer e analyeed. I n t h e second c a s e only t h e new s y n t h e s i z e s l a y e r w a s analysed. It can be seen from Table 1 t h a t t h e s u r f a c e of sample 1 i s a more complex s t r u c t u r e than t h a t of sample 2. Now t h e r e s u l t s of XPS of t h e s u r f a c e l a y e r of sample 2 w i l l be conside- 1s peak i s higher than t h a t of t h e individual compound, 397.5 eV, which i s probably due t o the presence of a more electronagotive 0 atom i n the environment. The 0 I s , 532.5 eV, l i n e , i n turn, a l s o i n d i c a t e s t h a t s i l i c o n oxide (533.0 eV BE) can be formed. As already the s h i f t i n BE i s determined by t h e excess negative charges of t h e coordination sphere. Hence, compounds of t h e following types: Si-I?-0, 0-Si-N, C-Si-0, etc., can e x i s t i n the i s l a n d struc-E g u r e 5. Scanning e l e c t r o n microscope p i c t u r e from a s u r f a c e covered with 0 s i l i c o n n i t r i d e l a y e r 1000 A-thick. Magnification ~1 0 0 0 0 . t u r e on t h e polymer surface. Table 2 shows t h a t t h e d a t a obtained from XPS-spectra of t h e model compound agree w i t h t h o s e obtained f o r t h e s u r f a c e l a y e r s , and i t can be s t a t e d t h a t s i l i c o n oxynitri.de i s present i n a s u r f a c e l a y e r of samples. The presel?-c e of t h e 0 Is 532.4 eV and 533.1 eV BE i n d i c a t e s t h a t both s i l i c o n o x y n i t r ide and s i l i c o n oxide can be formed. The C Is 285.0 eV peak may be e i t h e r a s i g n a l of hydrocarbons l o c a t e d on t h e f i l m s u r f a c e t r a n s p o r t e d t h e r e from t h e vacuum system of t h e spectrometra (sample 2 ) o r a s i g n a l t y p i c a l of t h e benzene r i n g (sample I ) . The 286.6 eV BE may be assigned t o oxygen-containing f u n c t i o n a l groups, such a s C-0, C-OOH and C-0-C=O /7/, whereas t h e 288.3 eV BE can be assigned t o amide and imide groups. The p o s i t i o n of t h e N 1s 399.3 eV and 400.6 eV BE may be assigned t o nitrogen-containing amide and W i d e groups / B / . It should be noted t h a t t h e atomic c o n c e n t r a t i o n of elemen t s being t h e products of polyimi.de degradation i s much lower t h a n t h a t of t h e products of inorganic s y n t h e s i s and e v i d e n t l y decreases w i t h t h e increas i n g t h i c k n e s s of t h e l a y e r a s shown by sample 2.
There i s an i n t e r e s t i n g i n t h e treatment of t h e chemical s t r u c t u r e of inor g a n i c l a y e r s . This f a c t i s probably due t o high oxygen c o n c e n t r a t i o n i n t h e s u r f a c e layer. T h i s high c o n c e n t r a t i o n cannot be ensured by t h e products of polymer degradation alone t h e c o n d i t i o n of plasma-chemical s y n t h e s i s cannot be t h e reason f o r t h i s high c o n c e n t r a t i o n e i t h e r . Most probably, this high oxygen c o n c e n t r a t i o n on t h e s u r f a c e i s caused by t h e i n t e r a c t i o n between t h e s u r f a c e ( a c t i v a t e d a s a r e s u l t of t h e i n t e r a c t i o n w i t h t h e plasma) and t h e athrnosphere. Hence, t h e s u r f a c e becomes covered by ~q u a s i s i l i c o n o x i d e~. The t o t a l s t o i c h i o m e t r i c composition of t h e s u r f a c e (assuming t h a t t h e 285.0 eV BE i n both c a s e s r e t e r s t o hydrocarbons) i s S i , .OOO, .37N0.65C0,28 f o r f i l m 1
